Background and Purpose-Subarachnoid hemorrhage (SAH) is associated with high mortality, and patients on maintenance dialysis have been shown to be at higher risk for stroke including SAH. However, the outcomes of patients on maintenance dialysis with SAH are not well known. This study was designed to look at incidence and outcomes of SAH in those on maintenance dialysis. Methods-Using the Nationwide Inpatient Sample Database, hospitalizations with nontraumatic SAH were identified. Ageadjusted incidence rates were calculated by direct standardization to the 2000 US standard population. Logistic regression was used to assess the risk factors for mortality. Results-Of an estimated 149 091 hospitalizations with SAH, 1631 patients (10.9%) were on maintenance dialysis.
N ontraumatic subarachnoid hemorrhage (SAH), which is usually attributable to rupture of an intracranial aneurysm, is accountable for 3% of all strokes in the United States. 1 There is some evidence that the mortality associated with SAH may have decreased during the past few decades, but it is still >25%. [2] [3] [4] Studies performed in the general population have shown female sex, hypertension, smoking, alcohol abuse, and nonwhite race to be associated with an increased risk of developing SAH. 5, 6 Patients on maintenance dialysis have been shown to be at a higher risk of stroke including SAH. 7, 8 The prevalence of endstage renal disease needing maintenance dialysis is continuing to increase, with a projected prevalence of >700 000 patients by 2015. 9 Patients on maintenance dialysis are at 6 to 8× higher risk for mortality than the general population. 10 Cardiovascular disease is the leading cause of mortality in patients on maintenance dialysis, with stroke being one of the major causes of cardiovascular mortality. 11 Because polycystic kidney disease, a risk factor for end-stage renal disease, is also associated with intracranial aneurysms, 12 understanding outcomes for SAH in patients on maintenance dialysis is especially important. However, there is a paucity of studies looking at outcomes of SAH in these patients.
Therefore, we designed this study using nationally representative data from 2005 to 2010 to look at: (1) trends of incidence rate of hospitalizations with SAH in patients on maintenance dialysis and general population; (2) all-cause inhospital mortality and its trends among maintenance dialysis and general population hospitalizations with SAH; and (3) predictors of mortality for SAH hospitalizations.
Methods

Study Design
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January 2014 available in the United States. It contains data from a 20% stratified sample of US community hospitals. 13 Each hospitalization is treated as an individual entry in the database. NIS provides information on common demographic variables such as age, race, and sex, along with primary and secondary insurance, hospital characteristics such as teaching status, location (rural versus urban), size of hospital, and hospital region. Facilities are considered to be teaching hospitals if they have an American Medical Association-approved residency program, are a member of the Council of Teaching Hospitals, or have a full-time equivalent of interns and residents to patient ratio of ≥0.25. Data from 2005 to 2010 were used for this study. We used the provided principal diagnosis, up to 14 secondary diagnoses, and 15 procedural diagnoses associated with each hospitalization for this study in the database.
Study Population
Patients with nontraumatic SAH and ≥20 years of age were included in the study. The patients with SAH were identified using the primary discharge diagnosis code of SAH (International Classification of Diseases, Ninth Revision, and Clinical Modification [ICD-9-CM] code 430). The SAH diagnosis code in primary diagnostic position has been shown to have 90% sensitivity and 97% specificity. 14 Patients with diagnosis codes for head trauma (ICD-9-CM codes 800.0-804.9, 850.0-854.1, and 873.0-873.9) and cerebrovascular malformations (747.81) were excluded. In accordance with previous literature, 15 maintenance dialysis status was defined as patients with an ICD-9-CM code for end-stage renal disease (585.6) or procedure code for hemodialysis (39.95) or peritoneal dialysis (54.98) but absence of ICD-9-CM code for acute kidney injury (584.X). Since the ICD-9-CM code for end-stage renal disease (585. 
Study Variables and Outcomes
Age, sex, race, and primary payer status were identified using appropriate variables from the NIS database. Age was divided into 5 subgroups: 20 to 44, 45 to 54, 55 to 64, 65 to 74, and ≥75 years. Hospital characteristics, teaching status, location, bed-size, and region were also identified using appropriate NIS variables. The hospitals were also divided into tertiles based on the yearly volume of SAH discharges (<24, 24-69, >69 hospitalizations for SAH per year). We used the Deyo modification of Charlson comorbidity index to identify the burden of comorbidity. 16 Individual diagnoses of coagulopathy, polycystic kidney disease, and mechanical ventilation use were identified using appropriate ICD-9-CM codes. Discharges with missing data were excluded except for race, which was missing in ≈20% of discharges. Missing race was included as a separate subgroup of race for primary analyses.
Using this registry, we studied the yearly incidence, mortality, and disposition of SAH hospitalizations. We also looked at predictors for all-cause inpatient mortality in SAH admissions.
Statistical Analysis
Using the weights provided in NIS, we generated national estimates of the number of hospitalizations. The number of SAH hospitalizations per 100 000 populations was calculated by using annual population estimates from the United States Census Bureau and United States Renal Data System (USRDS). 17, 18 Direct standardization of age was performed to standard 2000 US standard population 19 to estimate age-adjusted incidence rates. Similarly, we calculated age-adjusted incidence rates for SAH hospitalizations by renal function stratified by sex and race (white and black). Significance of trends for age-adjusted incidence over the years was assessed using linear regression.
Chi square test was used to compare categorical variables. We examined the risk factors for mortality using logistic regression. Univariable logistic regression was used to identify risk factor variables associated with in-hospital mortality. All variables that were significant at P<0.20 were included in the final multivariable model, which was adjusted for age, sex, race, primary payer, Charlson score, hospital teaching status, hospital location, hospital region, hospital volume (small, medium, and large), hospital bed-size, diagnosis of polycystic kidney disease, coagulopathy, and mechanical ventilation use. To control for variability by year, we used year as a predictor in regression model. To assess whether predictors of mortality are different between those on maintenance dialysis and the general population, we checked for an interaction term between maintenance dialysis and significant predictors. The c-statistic for the regression model used was 0.82, suggesting excellent predictive value of the model.
Because information about race was missing in >20% discharges, we performed a sensitivity analysis for predictors of mortality by excluding race from analysis, a method that has been used in literature to overcome the issue of missing information about race from the NIS database. 20 This study was approved by the institutional review board.
Results
Patient Characteristics
During the 6 years of the study period, there were an estimated 149 091 (95% confidence interval, 134 368-163 814) discharges with nontraumatic SAH. Of these, an estimated 1631 patients (95% confidence interval, 1 409-1 852) were on maintenance dialysis. Baseline characteristics of these patients are shown in Table 1 . Patients on maintenance dialysis tended to be more often nonwhite, on Medicare, and were admitted less often to teaching hospitals or high-volume hospitals (Table 1) .
Patients on maintenance dialysis also had higher prevalence of hypertension than the general population (91.9% versus 57.4%; P<0.001; Table 1 ).
Incidence of SAH
Overall unadjusted incidence of SAH hospitalizations in the general population and maintenance dialysis groups was 11.2 and 73.5 per 100 000 persons, respectively, translating into an incidence rate ratio of 6.55 (95% confidence interval, 6.24-6.88) for the maintenance dialysis group compared with the general population group. As shown in Figure 1A , ageadjusted incidence rates of SAH were also higher in the maintenance dialysis population than the general population, but the age-adjusted incidence of hospitalizations remained relatively stable during the 6-year period in both general population and maintenance dialysis hospitalizations. However, as noted in Figure 1A , there was a statistically nonsignificant decline in age-adjusted incidence of SAH hospitalizations in maintenance dialysis group, although the unadjusted incidence remained relatively unchanged ( Figure 1B ). This is likely a reflection of decrease in SAH hospitalizations in younger age groups. As shown in Figure 2A through 2D, the age-adjusted incidence rates of SAH remained higher in the maintenance dialysis population regardless of sex or race. Moreover, females had a higher age-adjusted incidence of SAH than males, and blacks had a higher age-adjusted incidence of SAH than whites, regardless of maintenance dialysis status.
Mortality and Disposition of Survivors
The overall unadjusted all-cause inpatient mortality rate for SAH admissions was 21.9% in general population patients and 38.4% in patients on maintenance dialysis (P<0.001; 
Risk Factors for Mortality
After adjusting for different patients and hospital characteristics, maintenance dialysis was associated with 2.48 times increased mortality for SAH hospitalizations (odds ratio, 2.48; 95% confidence interval, 1.85-3.34). In addition, increasing age, coagulopathy diagnosis, self-pay insurance status, and need for mechanical ventilation were associated with higher all-cause in-hospital mortality. In comparison, black or Hispanic race, admission to teaching hospital, urban hospital, medium or large volume hospital, and later year of hospitalization were associated with decreased odds of allcause inpatient mortality. There was no significant difference in different predictors of mortality between maintenance dialysis and general population groups as assessed using interaction terms (Table 3) .
Sensitivity Analyses
After excluding race from analysis, predictors for all-cause inpatient mortality in those with nontraumatic SAH remained unchanged (Table I in 
Discussion
This study, using large nationally representative data, shows that the incidence of nontraumatic SAH is much higher in those on maintenance dialysis than in the general population. In addition, mortality in maintenance dialysis group is higher than in the general population (38.4% versus 21.9%). We also showed that maintenance dialysis status is an independent predictor for mortality in those with SAH. Patients on maintenance dialysis are at a higher risk of bleeding than the general population. Higher risk of gastrointestinal bleeding and subdural hematomas in this population have been described previously. 21, 22 Defects in coagulation pathway and use of anticoagulation in dialysis are thought to contribute toward this increased risk of bleeding in patients on maintenance dialysis. We found the incidence of SAH hospitalizations to be higher in females and blacks irrespective of need for maintenance dialysis. These results are in concert with studies in the general population. 5, 23 We also found that the age-adjusted incidence of SAH hospitalizations decreased in 2008 compared with previous years especially in maintenance dialysis group; however, the unadjusted incidence remained relatively unchanged. This was likely because of decreased SAH hospitalizations in younger age groups. The reasons for this change are not clear, but increasing evidence against use of anticoagulants to prevent dialysis access thrombosis in patients on maintenance dialysis 24 may have also contributed. Overall, there was no significant change in the incidence rate of SAH hospitalizations. . Solid line represents incidence in females, and broken line represents incidence in males. B, Age-adjusted incidence of SAH hospitalizations by sex in maintenance dialysis population (error bars represent 95% CI). Solid line represents incidence in females, and broken line represents incidence in males. C, Age-adjusted incidence of SAH hospitalizations by race in general population (error bars represent 95% CI). Solid line represents incidence in blacks, and broken line represents incidence in whites. D, Age-adjusted incidence of SAH hospitalizations by race in maintenance dialysis population (error bars represent 95% CI). Solid line represents incidence in blacks, and broken line represents incidence in whites.
by guest on October 15, 2017 http://stroke.ahajournals.org/ Downloaded from SAH is associated with high morbidity and mortality in the general population. We found that all-cause inpatient mortality for SAH in maintenance dialysis group was even higher than in the general population group. This is an important observation considering already poor outcomes in patients with SAH. On the contrary, similar to few studies in literature, 2, 25 we found that during the years studied, the mortality rate in patients with SAH has been declining, and this trend was seen regardless of maintenance dialysis status as evidenced by lack of significant interaction between maintenance dialysis status and the variable year in logistic regression model. Better care has been postulated to be a reason for improved outcomes in this population; 26, 27 however, it is important to note that although the mortality in the maintenance dialysis group has decreased from 31.1% in 2005 to 29.3% in 2010, it is still much higher than mortality in the general population group, in which it has decreased from 23.5% in 2005 to 21.0% in 2010.
We found that increasing age, coagulopathy diagnosis, selfpay insurance status, and need for mechanical ventilation were associated with higher all-cause in-hospital mortality. In comparison, black or Hispanic race, admission to a teaching hospital, urban hospital, medium or large volume hospital, and later year of hospitalization were associated with decreased odds of all-cause inpatient mortality. Interestingly, we did not find hospital size based on number of beds to be associated with mortality. Teaching hospitals 28 and higher volume hospitals 29, 30 have previously been shown to be associated with lower mortality in the general population with SAH, with the differences thought to be because of higher availability of specialized care in these hospitals. To explore the reasons for higher mortality in patients on maintenance dialysis, we looked for a difference in predictors of mortality between the general population and the maintenance dialysis group; however, we did not find any significant differences between different predictors of mortality between the 2 groups. This lack of significant differences in predictors of mortality between maintenance dialysis and the general population emphasizes the need for further studies to explore the reasons for higher mortality in patients on maintenance dialysis. Considering that patients on maintenance dialysis not only have a higher incidence of hospitalizations with SAH as well as a much higher mortality when admitted despite the fact that the predictors of mortality between those on maintenance dialysis versus the general population are not different, prevention of SAH in maintenance dialysis population may be the best management strategy. Of the reversible causes of SAH, hypertension was found to be much higher in maintenance dialysis population. Although treatments directed toward improving blood pressure control in maintenance dialysis populations may help decrease the incidence of SAH in this population, the optimal predialysis blood pressure target remains unclear, and further research is needed in this area.
Although we have used a well-described, nationally representative database, our study has some limitations. We have used ICD-9-CM codes to identify patients with SAH and those on maintenance dialysis. SAH codes have been shown to have 90% sensitivity and 97% specificity. Although the codes to identify patients on maintenance dialysis have not been validated, they have been used in literature previously. The NIS 
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database also does not provide information on medication use among patients, and therefore, we were unable to adjust for the use of antiplatelets and anticoagulants in this study. The database does not provide unique patient identifiers, and so it is not possible to identify readmissions. Therefore, we may have overestimated the incidence of SAH. Race is missing in >20% of discharges in the database; however, the results were unchanged after excluding race from regression analysis to allow for compete case analysis, suggesting the robustness of our results. The c-statistic of 0.82 also shows excellent predictive power of the regression model used. In summary, we have shown that nontraumatic SAH is not only more common in patients with maintenance dialysis, it is in fact associated with even higher mortality than in the general population group. We have further shown that although being on maintenance dialysis is an independent predictor for mortality in patients with SAH, other predictors of mortality evaluated in this study are not necessarily different between the 2 groups. To the best of our knowledge, this is the first study describing the mortality rates for SAH hospitalizations in those on maintenance dialysis and exploring the differences in predictors of mortality between patients with SAH with and without need for maintenance dialysis. Persistent high incidence rates and high mortality in maintenance dialysis population call for further studies to help understand the reasons and to improve outcomes in this subgroup.
